This study illustrates an atmospheric source reconstruction methodology for identification of an unknown continuous point release in the geometrically complex urban environments. The methodology is based on the renormalization inversion theory coupled with a building resolving Computational Fluid Dynamics (CFD) modelling approach which estimates the release height along with the projected location on the ground surface and the intensity of an unknown continuous point source in an urban area. An estimation of the release height in a three-dimensional urban environment is relatively more difficult from both technical and computational point of view.
lease height along with the projected location on the ground surface and the intensity of an unknown continuous point source in an urban area. An estimation of the release height in a three-dimensional urban environment is relatively more difficult from both technical and computational point of view.
Thus, a salient feature of the methodology is to address the problem of vertical structure (i.e. height of a source) in atmospheric source reconstruction in three-dimensional space of an urban region. The inversion methodology presents a way to utilize a CFD model fluidyn-PANACHE in source reconstruction in the urban regions. The described methodology is evaluated with 20 trials of the Mock Urban Field Setting Test (MUST) field experiment in various atmospheric stability conditions varying from neutral to stable and very stable conditions. The retrieved source parameters in all the 20 trials are estimated close to their true source. The source height is retrieved within a factor of two and four in 55% and 75% of the MUST trials, respectively. The averaged location error for all 20 trials is obtained 14.54 m with a minimum of 3.58 m and maximum of 34.55 m. The averaged estimated release rate for all trials is overpredicted within a factor of 1.48 of the true source intensity and in 85% of the trials, it is retrieved within in factor of two. In source reconstruction with non-zero measurements, it was observed that the use of all concentration measurements instead of only non-zero essentially makes only the small differences in quality of the source reconstruction and gives a little additional information for better constraining the source parameters. A posteriori uncertainty analysis in the retrieved source parameters is also performed by adding a controlled noise in the concentration measurements and the source reconstruction results were also compared with an earlier study based on the stochastic Bayesian approach for identical 14 MUST trials. The study is useful for emergency regulators to detect an unknown accidental or deliberated continuous point releases in urban regions.
Keywords: CFD, Renormalization, Source reconstruction, MUST field experiment, Urban. finite number of detectors distributed over a region. However, these con-9 centration measurements, detected over a threshold value of a sensor, alone 10 provide no particular information about the source including its location, 11 height, and release rate.
12
Atmospheric monitoring in conjunction with source reconstruction mod-13 elling has the potential to detect, locate, and quantify the localised emissions 
W satisfies an appropriate optimality condition (iii) and this criterion is 153 also called as renormalizing condition (Issartel et al., 2007 ). An iterative 154 algorithm to compute the weight coefficient w(x) at location x is described 155 as (Issartel et al., 2007) :
where k is an iteration step. The weights w(x), best removing inversion 
where a w (x 0 ) = a(x 0 )/w(x 0 ). Thus, s w from Eq. (3) can be described as :
Renormalization condition (iii) from Eq. (4) shows that s w in Eq. by searching the maximum of s w . Once the source location x 0 is estimated, its intensity at x = x 0 is determined from Eq. (7) as : 
244
The lateral boundaries of the domain are treated as inflow and outflow bound-
245
aries based on the direction of the wind with respect to the domain boundary.
246
The top boundary is treated as an outflow boundary and a no-slip bottom 247 boundary condition is defined at the ground surface where the velocity com- The source parameters (q 0 , x 0 , y 0 , z 0 ) from the renormalization inversion 340 theory coupled with the building resolving CFD modelling approach in each
341
MUST trial are estimated in following steps:
342
Step 1 : Computation of the flow-field u(x) in 3-D urban domain using the
343
CFD model fluidyn-PANACHE,
344
Step 2 : Computation of the adjoint functions a i (x) corresponding to each 345 measurement using 180
• reversed flow-field −u(x) in a dispersion 346 model,
347
Step 3 : Computation of a matrix A ∈ R m×N from m adjoint functions a i (x),
348
and Gram matrix H = AA T ,
349
Step 4 : Computation of the weight matrix W ∈ R N ×N with an iterative pro-
350
cess that generates the matrices A w = AW −1 and H w = A w WA T w ,
351
Step 5 : Computation of the source vector s w = A
Step 6 : Search for a location x 0 = (x 0 , y 0 , z 0 ) corresponds to the maximum Step 7 : Calculate the source intensity q 0 = s w (x 0 )/w(x 0 ) at x = x 0 .
355
The weight matrix W is attained with an accuracy of O(10 −6 ) within 24
356
iterations from the iterative algorithm described in section 2.2. The compu- (i) all measurements, and (ii) only non-zero measurements.
403 Table 2 presents the source reconstruction results in terms of (i) the error Table 2 . The results in Table 2 the non-zero concentration measurements (Table 2 ).
447
The source intensity (q 0 ) is retrieved within a factor of two in ≈ 85% (i.e. q 0 /q s = 0.41) and non-zero measurements (i.e. q 0 /q s = 0.45) ( Table 2) .
458
The tracer gas in all these trials of the MUST field experiment was re- (Table 2) . 
510
With all measurements, the source intensity in these four trials is esti- (with non-zero measurements) and the intensity is also retrieved within a 537 factor of two (Table 2) . It is worth mentioning here also that the estimated trial. The intensity of the estimated point source is retrieved within a factor 571 of two of the true release rate. The retrieved intensity is 306.12 l/min, which 572 is 1.36 times greater than the true release rate 225 l/min (Table 2) .
573
With non-zero concentration measurements, the source height is esti- Table 2 ).
614
With all measurements, the averaged standard deviation in location error Winiarek (2014). In 50% of the these trials, the release height is estimated 653 within a factor of two with present study. However, in Winiarek (2014) , the 654 estimated release height was within a factor of two in ≈ 43% of these trials.
655
It is also noted that the application domain size which Winiarek (2014) 656 considered for the source reconstruction study is only slightly larger than the 657 geometry of MUST array and it is approximately equal to the inner domain 658 size taken in present study. However, in present study, source reconstruction 659 in each trial are applied to approximately four times larger domain than it.
660
Retrieval of a source in a smaller domain can have a higher probability of 661 its accurately estimation in comparison to the retrieval in a larger domain.
662
However, in present inversion methodology, it can be analyzed with the geo- 
672
The inversion methodology is purely deterministic in the sense that it does In 55% and 75% of the MUST trials, the source height is retrieved within a 
Eq. (A.2a) implies that s = 
